We reported previously that the antigenicity of the haemagglutinin-esterase (HE) glycoprotein of the human influenza C virus strain C/Nara/1/85 was indistinguishable from that of strain C/Nara/82. However, the ribonuclease Tl-oligonucleotide map of total virion RNA of C/Nara/1/85 differed remarkably from the map of C/Nara/82, resembling instead the map of C/Nara/ 2/85, which has an HE antigenicity dissimilar to C/Nara/82 and C/Nara/1/85. This observation raised the possibility that C/Nara/1/85 might have arisen by reassortment from two viruses closely related to C/Nara/ 82 and C/Nara/2/85, respectively. Here, we compared the total nucleotide sequence of the HE gene and partial sequences of the other genes of C/Nara/1/85 with those of C/Nara/82 and C/Nara/2/85. The results suggest that C/Nara/1/85 has inherited HE and NP genes from a C/Nara/82-related virus and the PB2, PB1, PA, M and NS genes from a C/Nara/2/85-related virus.
As the genome of influenza C virus comprises seven RNA segments (Lamb, 1989) , reassortment between two different strains occurs in vitro at a high frequency (Racaniello & Palese, 1979; Nishimura et al., 1994) . Although influenza C virus is isolated only infrequently, the majority of humans acquire antibodies to the virus early in life (Homma et al., 1982; Nishimura et al., 1987) , indicating that this virus is highly prevalent in the human population. Analysis of the RNA genomes of various strains isolated in different parts of the world over a long period of time showed that the extent of genetic difference did not correspond to the time of virus isolation (Buonagurio et al., 1985 (Buonagurio et al., , 1986 Kawamura et al., 1986) , raising the possibility that variants from multiple evolutionary pathways may-co-circulate at any one time. Recently, direct evidence supporting this idea has been presented by Matsuzaki et al. (1994) , who demonstrated that two or three discrete lineages of the virus coexist all the year round in Yamagata City, a geographically restricted area of Japan. Thus it is not unlikely that mixed infections with influenza C variants belonging to different lineages may occur in some individuals, which could result in the emergence of reassortment viruses. There is a report which suggests that two influenza C virus strains isolated from pigs on the same day at the same place might be genetically related by a reassortment event (Guo & Desselberger, 1984) . As yet, however, The nucleotide sequence data in this paper have been submitted to the DDBJ/EMBL/GenBank databases and assigned the accession numbers D30691 to D30709. unequivocal evidence for the occurrence of reassortment of influenza C virus genes in humans has not been presented.
In a previous study (Ohyama et al., 1992) we compared the antigenic and genetic properties of three human influenza C virus strains (Nara/82, Nara/1/85 and Nara/2/85) isolated during 1982 to 1985 in Nara Prefecture, Japan. The data revealed that the reactivity of C/Nara/1/85 with monoclonal antibodies (MAbs) against the haemagglutinin-esterase (HE) glycoprotein was identical to that of C/Nara/82, but total virion RNA from these two isolates yielded ribonuclease T1-oligonucleotide maps largely different from each other. The oligonucleotide map of C/Nara/1/85 closely resembled that of C/Nara/2/85, which had a different HE antigenicity compared to C/Nara/82 and C/Nara/1/85. These observations led us to hypothesize that C/Nara/ 1/85 might be a reassortant virus that received its HE gene from a C/Nara/82-1ike virus and most of the other genes, if not all, from a C/Nara/2/85-1ike virus. In this communication we have determined the parental origin of each of the genome segments of C/Nara/1/85. To this end, we compared the total nucleotide sequence of the HE gene and partial sequences of the other genes of C/Nara/l/85 with those of C/Nara/82 and C/Nara/ 2/85.
The Nara/82, Nara/1/85 and Nara/2/85 strains of influenza C virus were all isolated from children with acute respiratory illness by inoculating throat swabs into the amniotic cavities of 9-day-old embryonated hens' eggs. After three to five passages in eggs, the viruses were each cloned twice in eggs by means of limiting dilution 0001-2687 © 1994 SGM Kida et al. (1982) , using purified egg-grown virions to coat the wells of immunoplates (2.5 Mg/well).
? The ELISA titre was expressed as the highest antibody dilution showing an A40 s of > 0-2.
++ Characteristics of the MAbs used are described in detail elsewhere (Sugawara et al., 1993) . * Nucleotides 1 to 63 and nucleotides 1990 to 2074 were excluded from the analysis. The sequences for C/Nara/82 and C/Nara/1/85 have been reported previously (Adachi et al., 1989; Ohyama et al., 1992) . and then propagated in the same host. C/Nara/1/85 and C/Nara/82 gave similar reactions with anti-HE MAbs, as confirmed in enzyme-linked immunosorbent assays (ELISA, see Table 1 ). To further demonstrate that the HE gene of C/Nara/1/85 originates from a C/Nara/82-like virus and not from a C/Nara/2/85-1ike virus, the HE gene of C/Nara/2/85 was sequenced by using cloned cDNA derived from virion RNA (according to the procedures described by Umetsu et al., 1992) and compared with the previously determined sequences of C/Nara/82 and C/Nara/1/85 (Adachi et al., 1989; Ohyama et al., 1992) . As summarized in Table 2 , the degree of nucleotide sequence identity between C/Nara/ 1/85 and C/Nara/82 (98.9%) was much higher than that between C/Nara/1/85 and C/Nara/2/85 (93-3%). In addition, comparison of the predicted amino acid sequences showed that the HE protein of C/Nara/1/85 differed from the HE of C/Nara/82 by only two amino acids yet from C/Nara/2/85 by as many as 24.
To deduce the parental origins of the remaining six RNA segments of C/Nara/1/85, partial nucleotide sequences of the PB2 (positions 54 to 432), PB1 (positions 46 to 387), PA (positions 48 to 306), nucleoprotein (NP) (positions 61 to 220 and positions 359 to 560), matrix (M) protein (positions 51 to 420), and non-structural (NS) protein (positions 48 to 387) genes were determined for the three Nara isolates by the dideoxynucleotide chain-termination procedure (Sanger et al., 1977) using purified virion RNA as template and synthetic oligonucleotide primers listed in the footnote to Table 3 . The proportions of the sequenced regions to the total nucleotide sequences were as follows: PB2, 16.0 %; PB1, 14.5%; PA, 11.9%; NP, 20.0%; M, 31.3%; NS, 36.3%.
In contrast to observations regarding the gene coding for the HE glycoprotein, the results summarized in Table  3 imply that these genes of C/Nara/1/85 (except the NP gene) are more closely related to those of C/Nara/2/85 than to those of C/Nara/82. For example, the nucleotide sequences of the PA genes of C/Nara/1/85 and C/Nara/2/85 were identical, at least in the sequenced regions, whereas they differed in eight nucleotides from the sequence of the C/Nara/82 virus PA gene. The PB2, PB1, M, and NS genes of C/Nara/1/85 also differed by fewer nucleotides from the corresponding genes of C/Nara/2/85 (one to four nucleotides) compared to those in C/Nara/82 (seven to twelve nucleotides). As for the NP gene, by contrast, similarity was evident between C/Nara/1/85 and C/Nara/82 rather than between C/Nara/1/85 and C/Nara/2/85: this gene of C/Nara/ 1/85 differed from those of C/Nara/82 and C/Nara/ 2/85 by three and seven nucleotides, respectively. From the results of Tables 2 and 3, we infer that C/Nara/1/85 arose by reassortment from two viruses closely related to C/Nara/82 and C/Nara/2/85, and suggest that this reassortant virus inherits the HE and NP genes from a C/Nara/82-related virus and the PB2, PB1, PA, M and NS genes from a C/Nara/2/85-related virus.
It seems unlikely that isolation of the reassortant virus C/Nara/1/85 is the result of cross-contamination in the laboratory. Tables 2 and 3 clearly show that C/Nara/82 and C/Nara/2/85 themselves are not the parents of C/Nara/1/85. At the Nara Prefectural Institute of Public Health, where the three strains analysed here were all isolated, a virus closely related to either C/Nara/82 or C/Nara/2/85 has never been handled at any time. At our laboratory in Yamagata where the sequencing was carried out, three strains (C/Mississippi/I/80, C/ Kyoto/41/82 and C/Hyogo/1/83) that possessed the same HE antigenicity as C/Nara/1/85 or C/Nara/82 were handled occasionally, but their HE gene sequences were shown to differ from the sequence of C/Nara/1/85 by 19 to 20 nucleotides (Adachi et al., 1989; Ohyama et al., 1992) . Although several strains (C/Kanagawa/1/81, C/Yamagata/10/81, C/Yamagata/11/81 and C/Yamagata/26/81) closely similar to C/Nara/2/85 have also been used in that laboratory, nucleotide sequences of the genes encoding non-surface proteins (except the PA gene) of these isolates were found to differ by various degrees from the sequences of C/Nara/2/85 and C/ Nara/1/85 (unpublished data).
Reassortants derived from human influenza A viruses of two different subtypes (H 1N1, H3N2) emerged soon after the reappearance of the H1N1 strains in 1977 but circulated for only a few years (Young & Palese, 1979; Bean et al., 1980) . Similarly, reassortant viruses of the H1N2 subtypes were isolated in China during the 1988/1989 influenza season but did not continue to circulate or spread widely (Guo et al., 1992; Li et al., 1992) . It also seems unlikely that the reassortant influenza C virus, Nara/1/85, possessed an epidemiological advantage over the parental viruses; although more than 50 influenza C strains were isolated in Japan after 1985, none of the isolates had a genome composition identical to that of C/Nara/1/85 (unpublished data). Very recently however, we found that the C/Yamagata/9/88 strain, isolated from a pediatric patient residing in Yamagata City, is also a reassortant virus that most likely inherited the PA and NS genes from a C/Nara/2/85-1ike virus and the remaining five genes from a C/Aichi/1/81-1ike virus (unpublished data). Thus, reassortment of the genome between different influenza C strains may occur frequently in humans.
